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Research Note
The Interactive Effects of Eimeria acervulina Infection
and Phytase for Broiler Chicks1
B. C. Watson, J. O. Matthews,2 L. L. Southern,3 and J. L. Shelton4
Department of Animal Sciences, Louisiana State University Agricultural Center, Baton Rouge 70803-4210
but only in uninfected chicks (phytase × coccidiosis, P <
0.02). Toe and tibia ash percentages were decreased (P <
0.01) in chicks fed diets deficient in Ca and NPP, but tibia
ash was decreased more by Ca and NPP in healthy chicks
than in infected chicks (coccidiosis × Ca and NPP, P <
0.02). Phytase increased (P < 0.02) toe and tibia ash but
only in diets deficient in Ca and NPP (phytase × Ca and
NPP, P < 0.01). Phytase increased toe ash percentage of
healthy chicks fed diets deficient in Ca and NPP, but it
had less of an effect in infected chicks fed diets deficient
in Ca and NPP (coccidiosis × Ca and NPP × phytase, P
< 0.08). Also, phytase was less effective in increasing tibia
ash percentage in coccidiosis-infected chicks than in uninfected chicks (phytase × coccidiosis, P < 0.02). These data
indicate that phytase is effective in the presence of a coccidial infection, but based on GF and tibia ash percentage,
it may not be as effective as in uninfected chicks. Also,
phytase increased average daily gain and average daily
feed intake in uninfected chicks fed diets formulated to
be adequate (or in excess) in all nutrients for male
broiler chicks.

ABSTRACT An experiment was conducted to determine the interactive effects of Eimeria acervulina infection
and phytase in male broiler chicks. Chicks were standardized from 0 to 4 d posthatching, and the assay period
was 5 to 15 d. Treatments were replicated with 6 pens of
5 chicks each. The initial and final BW were 67 and 363
g. A corn-soybean meal diet formulated to provide 1.26%
total Lys and 3,200 kcal of ME/kg was used, and it was
adequate in all other nutrients except Ca and nonphytate
P (NPP) when appropriate. The treatments were in a 2 ×
2 × 2 factorial arrangement: adequate Ca and NPP (1.0%
Ca and 0.45% NPP) or inadequate Ca and NPP (0.80%
Ca and 0.25% NPP), 0 or 600 phytase units/kg of diet,
and uninfected or infected with 400,000 E. acervulina oocysts on d 0, 3, and 6 of the experiment. Daily gain,
average daily feed intake, and gain:feed (GF) were reduced (P < 0.01) by the coccidial infection and the reduction in Ca and NPP. Phytase addition increased (P <
0.02) average daily gain and average daily feed intake,
regardless of the Ca and NPP contents of the diet or the
presence of coccidiosis. The GF was increased by phytase
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but increase absorption of some minerals (Southern and
Baker; 1982a,b, 1983). Coccidiosis also has been shown to
lower the pH of the duodenum (Stephens et al., 1974;
Brown and Southern, 1986; Fox et al., 1987).
Phytase is an enzyme that increases the availability of
P by hydrolyzing P from the phytate molecule (Harland
and Oberleas, 1999). The phytase that originates from
Aspergillus niger, which initiates dephosphorylation at the
3 position of phytate, has dual pH optima of 2.5 and 5.5
(Natuphos; Angel et al., 2002). The duodenal pH of
healthy chicks is much higher, ranging from 5.98 to 6.63
(Stephens et al., 1974; Brown and Southern, 1985a,b, 1986;
Fox et al., 1987; Giraldo et al., 1987). E. acervulina has been
shown to lower duodenal pH to levels close to one of the
pH optima of phytase (Stephens et al., 1974; Brown and
Southern, 1986). Therefore, phytase may be more effective
in E. acervulina-infected chicks than in healthy chicks.

INTRODUCTION
Eimeria acervulina is a parasitic protozoa that invades
the duodenal epithelial cells of the chicken (Beaver et al.,
1984), resulting in mucosal epithelial lesions (Hein, 1968),
diarrhea (Kouwenhoven, 1972), and chronic infection, anorexia, and death (Morehouse and McGuire, 1958; Hein,
1968; Kouwenhoven, 1972). Coccidial infections decrease
growth performance (Matthews and Southern, 2000) and
absorption of some nutrients (Willis and Baker, 1981)
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TABLE 1. Composition of experimental diet

Thus, the objective of this experiment was to determine
the interactive effects of phytase, E. acervulina infection,
and Ca and nonphytate P (NPP) contents in the diet.

water were provided ad libitum throughout the experiment.
A corn soybean meal diet, adequate in all nutrients
(except Ca and NPP) for experimental purposes was used
(NRC, 1994). The diets (Table 1) provided 1.26% Lys,
3,200 kcal of ME/kg. The treatments were in a 2 × 2 × 2
factorial arrangement: adequate Ca and NPP (1.0% Ca
and 0.45% NPP) or inadequate Ca and NPP (0.80% Ca
and 0.25% NPP), 0 or 600 phytase units/kg of diet, and
uninfected or infected with 400,000 E. acervulina oocysts
on d 0, 3, and 6 of the experiment. The deficient Ca and
NPP diets contained 0.2% less Ca and NPP than the positive control diet to give phytase a greater response surface
in the event that it was more efficacious in infected chicks.
Sand was added to the reduced Ca and NPP diets in place
of the monocalcium phosphate and limestone. Microbial
phytase (Natuphos 6007) was added to the diets at 0.1%.
The response variables were daily gain, daily feed intake,
and gain:feed (GF), and tibia and toe ash percentages.
At the termination of the experiment, all chicks were
killed by CO2 inhalation, and tibias and central toes were
collected from the left leg of each chick. Tibias and toes
from each pen were pooled and frozen at −4°C until analyzed as previously described (Gray et al., 1998).
The Parasite Biology and Epidemiology Lab8 provided
the E. acervulina inoculum. The number of oocysts was
enumerated before each inoculation. Chicks were inoculated on d 0, 3, and 6 with 1-mL crop intubations of
water containing 400,000 E. acervulina oocysts. Uninfected
chicks received intubations with water.
Data were analyzed as a completely randomized design
using the GLM procedure of SAS software.9 The treatments were arranged as a 2 × 2 × 2 factorial, and contrasts
were used to determine the main effects of Ca and NPP,
phytase, and E. acervulina and their interactions. The pen
of chicks served as the experimental unit for all data.

MATERIALS AND METHODS

RESULTS

The experiment was approved by the University Animal Care and Use committee. Ross × Ross male, broiler
chicks5 were allotted to 8 treatments in a completely randomized design. Each treatment was replicated 6 times
with 5 chicks each. From to 0 to 4 d posthatching, the
chicks were fed a corn-soybean meal diet similar to the
Ca and NPP-adequate diet in Table 1. On d 5, after being
held overnight without feed or water, chicks were
weighed, wing-banded, and randomly allotted to treatment. The experiment lasted 10 d. The chicks were housed
in an environmentally controlled (32°C) Petersime6 battery with raised wire floors. Average initial and final BW
were 67 and 363 g, respectively. Chicks, feed, and water
were checked twice daily, and feed in mash form and

Daily gain, feed intake, and GF were reduced (P < 0.01)
by the coccidiosis infection and by deficiencies of Ca and
NPP in the diet (Table 2). Phytase increased (P < 0.02)
daily gain and feed intake of chicks, and the effects were
observed in nutritionally adequate diets and in diets deficient in Ca and NPP. The response to phytase in the
nutritionally adequate diets was greater in the uninfected
chicks than in the infected chicks, but the interaction was
not significant. The GF was increased by phytase but only
in uninfected chicks (phytase × coccidiosis, P < 0.02). Toe
and tibia ash percentage were decreased (P < 0.01) in
chicks fed the diets deficient in Ca and NPP. Phytase
addition increased (P < 0.02) toe and tibia ash percentage,
but phytase had a greater effect in chicks fed the diet
deficient in Ca and NPP than in chicks fed nutritionally
adequate diets (phytase × Ca and NPP, P < 0.01). Tibia
ash percentage was decreased (P < 0.01) in chicks by
the coccidiosis infection, but the decrease in tibia ash
percentage due to the deficiency of Ca and NPP was more
pronounced in uninfected chicks than in infected chicks

Ingredient (%)
Corn
Soybean meal (47.5%CP)
Corn oil
Monocalcium phosphate
Limestone
Salt
DL-Methionine
Vitamin premix1
Mineral premix2
Choline
Rice hulls/phytase3
Sand4
Calculated composition
ME, kcal/kg
CP, %
Crude fiber, %
Lys, %
TSAA, %
Trp, %
Thr, %
Ca, %
P, %
Nonphytate P, %

Control

Low Ca + P

52.14
37.99
5.43
1.55
1.53
0.50
0.19
0.25
0.25
0.07
0.10
0.00

52.14
37.99
5.43
0.60
1.38
0.50
0.19
0.25
0.25
0.07
0.10
1.10

3,200
22.97
7.80
1.26
0.91
0.31
0.86
1.00
0.71
0.45

3,200
22.97
7.80
1.26
0.91
0.31
0.86
0.80
0.51
0.25

1
Provided per kilogram of diet: vitamin A (vitamin A palmitate),
4,500 IU; vitamin D3, 450 IU; vitamin E (vitamin E acetate), 50 IU;
menadione (menadione sodium bisulfite), 1.5 mg; vitamin B12, 0.02 mg;
biotin (D-biotin), 0.6 mg; folacin (folic acid), 6 mg; niacin, 50 mg; thiamin
(thiaminⴢHCl), 13.4 mg.
2
Provided per kilogram of diet: copper (copper sulfateⴢ5 H2O), 4.0
mg; iodine (potassium iodate), 1.0 mg; iron (ferrous sulfateⴢ7 H2O), 60
mg; manganese (manganese sulfateⴢH2O), 60 mg; selenium (as sodium
selenite), 0.1 mg; zinc (zinc sulfateⴢ7 H2O), 44 mg; calcium (calcium
carbonate), 723 mg.
3
Phytase replaced rice hulls to provide 600 phytase units/kg of diet.
4
Sand replaced monocalcium phosphate and limestone in diets with
reduced Ca and P.

5

Sanderson Farms, McComb, MS.
Petersime Incubator Company, Gettysburg, OH.
7
BASF, Mount Olive, NJ.
8
Beltsville MD.
9
SAS Institute Inc., Cary, NC.
6
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TABLE 2. Effect of phytase and coccidiosis infection on growth performance
and toe and tibia ash percentage1
Coccidia
Phytase
Response Ca and NPP
2,3,4

Daily gain, g
Daily feed intake, g2,3,4
Gain:feed2,3,5
Toe ash, %3,4,6,7
Tibia ash, %2,3,4,5,7,8

−
−
Ade

−
−
Ina

−
+
Ade

−
+
Ina

+
−
Ade

+
−
Ina

+
+
Ade

+
+
Ina

SEM

33.22
38.92
853
13.45
54.55

29.36
35.47
821
8.76
47.08

34.90
40.31
866
12.99
55.16

32.50
37.91
857
11.63
52.93

28.17
34.68
812
12.90
52.71

25.02
31.70
789
9.65
48.62

27.91
34.77
803
12.95
51.55

26.75
33.19
790
11.19
50.70

0.74
0.78
8
0.36
0.74

1
Data are means of 6 replicates of 5 chicks each. Initial and final BW were 67 and 363 g, respectively.
Experimental coccidiosis infection was established by a 1-mL crop intubation of 400,000 sporolated Eimeria
acervulina oocyst on d 0, 3, and 6 of the experiment. Phytase was added to the diets at 600 phytase units/kg
of diet. NPP = nonphytate P; PSEM = pooled SEM; Ade = adequate Ca and NPP; Ina = inadequate Ca and
NPP.
2
Coccidiosis, P < 0.01.
3
Ca and NPP, P < 0.01.
4
Phytase, P < 0.02.
5
Phytase × coccidiosis, P < 0.02.
6
Coccidiosis × Ca and NPP × phytase, P < 0.08.
7
Phytase × Ca and NPP, P < 0.01.
8
Coccidiosis × Ca and NPP, P < 0.05.

(coccidiosis × Ca and NPP, P < 0.05). Furthermore, tibia
ash percentage was increased by phytase but only in
uninfected chicks (phytase × coccidiosis interaction, P <
0.02). Phytase tended to increase toe ash percentage of
healthy chicks fed the diet deficient in Ca and NPP, but
it had less of an effect in infected chicks fed the diet
deficient in Ca and NPP (coccidiosis × Ca and NPP ×
phytase, P < 0.08).

DISCUSSION
The coccidiosis infection and the reduction in dietary
Ca and NPP reduced gain, feed intake, and GF. These
results were as expected and are in agreement with other
studies evaluating the effects of E. acervulina (Willis and
Baker, 1981; Watkins et al., 1989; Matthews and Southern,
2000), as well as those evaluating effects of diets deficient
in Ca and NPP (Boling et al., 2000). Phytase addition
increased gain and feed intake in chicks regardless of the
coccidial infection or nutritional adequacy of the diet. The
effects of phytase in nutritionally adequate diets are also
in agreement with previous research (Cabahug et al.,
1999; Keshavarz, 2000).
Phytase was effective in increasing growth and feed
intake in the infected and uninfected chicks. However,
for GF, the magnitude of the response was greater in
healthy chicks than in infected chicks. The negative effect
of coccidiosis on GF has been well documented (Southern
and Baker, 1982b, 1983; Allen, 2000).
Tibia ash percentage, but not toe ash percentage, was
decreased by the coccidiosis infection. This decrease in
tibia ash percentage previously has been reported (Giraldo et al., 1987; Watkins et al., 1989; Ward et al., 1990).
The Ca and NPP deficiency decreased toe and tibia ash
percentages, and phytase increased toe and tibia ash percentages. However, unlike the growth results, phytase
was more effective in the diet deficient in Ca and NPP.

Phytase was effective in increasing ash percentage in
both infected and uninfected chicks. However, for tibia
ash percentage, phytase was more effective in healthy
chicks. The deficiency of Ca and NPP decreased tibia ash
percentage more in healthy chicks than in infected chicks.
This result was probably due to the fact that GF was
decreased in coccidiosis-infected chicks. The coccidiosisinfected chicks thus consumed more Ca and NPP per unit
of BW resulting in less of a decrease in tibia ash percentage.
Phytase was more effective in healthy chicks compared
with infected chicks for feed efficiency and tibia ash percentage, but phytase seemed equally effective in uninfected and infected chicks for growth performance. We
thought that phytase would be more effective in coccidiosis-infected chicks than in healthy chicks due to the lower
pH of the duodenum of infected chicks. This response
was not observed.
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